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SECTION A
Answer all guestions in the spaces provided.
1 The table below contains some standard enthalpy of formation data.
Substance C(s) N,(g) H,0(g) CO,(g) NHNO,(s)
AHZ kI mol ™ 0 0 242 -394 ~365
(a) Why are the values of the standard enthalpy of formation for carbon and nitrogen zero?
{iéﬁ nove 177¢levan & wm.mué:;)
(b) State Hess’s Law. e WM% M e PYY 4
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(¢) Use AHS data from the table to calculate a value for the enthalpy change for the
following reaction.
NH4NOs(s) + 3C(s) — Na(g) + 2H;0(g) + 3COx(g) o/
v cyce
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2 The table below contains some mean bond enthalpy data.

Cen(C MmN
944 388

Bond H-H -
Mean bond enthalpy/kJmol™ 436 348 612

{a) EXE%?@& ?’:% term mean bond enthalpy.

v A , v
brrreter TN .

...........................................
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( a{@ Mﬁﬁ@uﬁ m%%é‘eé% @f‘

Baad” i  obherwire 2" mark (2 marl}s)
(oniegugatiol on Fi75E. ' '

(b} (i) Write an equation for the formation of one mole of ammonia, NH;, from its

elements, -
fj apsl £.5,

..........................................................................................

(it} Use data from the table above to calculate a value for the enthalpy of formation
of ammonia. { '

....... T T R L ,‘...-a....-;-.--...-........;é,fs?.;...u-..n."u-..........."-..-.
{%mwe AD @Mé’&ﬁ fﬁgmﬁﬁgse WG R | (4 marks)

(c) Use the following equation and data from the table above to calculate a value for the
C-H bond enthalpy in ethane.

H B HH

H H %

§m§ + H—H » H—C—C—H AH=-136kImol™
P

H H HH

6i2.

{3 marks)
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3 (a) Define the term activation energy for a reaction.
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(d) In an experiment, two moles of gas W reacted completely with solid Y to form one mole
of gas Z as shown in the equation below.

2W(g) + Y(s) = Z(g)

The graph below shows how the concentration of Z varied with time at constant
temperature.

Concentration

Slocts waw:-w%&.;
S&WWW{@{HM saf ,
fotls t5 -zem w@w 2 Lot
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7 wwe. Sy ot 13
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( Time
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fxis

(i) On the axes above, sketch a curve to show how the concentration of W would

(if)

(1ii)

APW/O183/CHM?

change with time in the same experiment. Label this curve W.

On the axes above, sketch a curve to show how the concentration of 7 would
change with time if the reaction were to be repeated under the same conditions
but in the presence of a catalyst. Label this curve Z.

In terms of the behaviour of particles, explain why the rate of this reaction
decreases with time. :

..................................................
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4 Methanol can be synthesised from carbon monoxide by the reversible reaction shown below.
CO(g) + ZHy(g) === CH,O0H(g) AH =-91kImol?

“The process operates at a pressure of 5MPa and a temperature of 700K in the presence of a
. copper-containing catalyst. This reaction can reach dynamic equilibrium.

(a) By reference to rates and concentrations, explain the meaning of the term
dynamic equilibrium,

LS

ko, (1)

sesEsasnone PEELTY LYY E PRI FTTY T sammcany

low - (2 marks)
fﬁ’&- JM&Q ;‘f—ciew Elet mehn G ffﬂmié”ﬂﬂf‘

{c) Suggest two reasons why the operation of this press at a pressure much higher than
$MPa would be very expensive.

Reason 1 .

Mm

(d) State the effect ofgin increase in temperature gn! ghe equilibrium yield of methanol and

)

& £ a«g—;é‘i ndol-ie it éiiaa réverne Mﬂ'wW
{e) Ifa catalyst vé?é% not uigé é;ﬁ this process, the operating temperature would have to be
greater than 700K. Suggest why an increased temperature would be required.
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8§ (a) State and explain the trend in electronegativity down Group VII from fluorine to iodine.

------------------------------------------------
.........................................................

-----------------------------------------------------------------

(3 marks)

() (i) Describe what you would observe when an aqueous solution of bromine is added
to an aqueous solution containing iodide ions. Write an equation for the reaction

occurring.
Observation MM OR M W (‘: 1) ,:iz‘;

.................................................................................................................

Equation 4‘1,? 27" =2 I;,'f' 2-4// (!3

-----------------------------------------------------------------------------------------------------------------------

\ . g allowy Mo K1 2 L
(i) Explain why bromine does not rdact with aqueous chloride ions.

femadin C1y A, ci” ,4r ek -
{(c) Describe what you would observe when aqueous silver nitrate is added to separate
aqueous solutions of potassium fluoride and potassium bromide.

----------------------------------------------------

..........................

(2 marks)

(d) Write an equation to show how solid potassium fluoride reacts with concentrated

sulphuric acid. 1/

[of LKF tH s, —> 1<l,594_f2”f> (I mark)

{e) Write an equation for the redox reaction of sodium bromide with concentrated sulphuric

acid. f
LU0y +2&" — S0, +8r +ZW D SO,

...................................................................................................................................................

o~ (2 marks)
( 1) W €7‘a- (i) \ 77

Bl 250, ahs > SOt he e ZhO t0a, 0y
H3e0, t121HB = 20D + K, + S0, el
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(a) In acidic conditions, hydrogen peroxide, HyO,, oxidises iodide ions to iodine. The
hydrogen peroxide is reduced to water. In HyO,, oxygen has an oxidation state of -1,

(i) Construct a half-equation for the reduction of hydrogen peroxide to water in
acidic conditions. '

HO, +20 +2e7—» 2H,0 (1

............ T O O O o 0 S o e T D

(ii) Construct a half-equation for the oxidation of I ions to icdine.

2T =3 I, +2e” [

L. R 3 ks
allpw 2ZHL & marks)

(b) The concentration of an aqueous iodine solution can be determined by titration with
aqueous sodium thiosulphate. In 2 titration, 25.0 cm® of an agueous iodine solution
reacted with exactly 19.5¢cm® of a 0.120moldm™ solution of sodium thiosulphate.

(i) Write an equation for the reaction between iodine and thicsulphate ion
. coerrect Formulae

................................

(i) Calculate the concentration of the iodine solution. ba la wep s { é}

atlew pat

(If you are unable to answer part (b)(i), assume that one mole of i
three moles of thiosulphate ions. This is not the correct ratio.)

i 2.
GanawoaaBR IR RBORE OO
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(¢} Chlorine reacts with water as shown in the following equation.
Ch+H,0 == CI' +HCIO + H'
In this reaction, chlorine acts both as an oxidising agent and as a reducing agent.
(i) Construct a half-equation for the reduction of chlorine tc chloride ions.
Clz 1‘2&’ -3 ZC| (l
(ii) Deduce the oxidation state of chlorine in HCIO.
+
+ ( { allay | 1t U
(iii) Construct a half-equation for the oxidation of chlorine, in reaction with water, to
form HCIO and H" ions.
+ P
Cly+ 28,0 —> 2HUD +20T+1e~ (1)
(iv) Give one reason why chiorine is used in the water industry.
............ Rl GLoa ] C1)......oooooeeees
JOM {4 marks)
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(c)

January 2003 scheme (pest standardising)
= with Cly (1) (Wose, if other incorrect reagents mentioned lose one mark for
and Clcoke) (1) (each wrong reagent afier 2 marks scored up to max ~2)
at high temperature (1)  (If swecific temperature mentioned allow between 500 and 1000 °C)
TiCl, formed (1)
TiOy +2C + 2Cly ~» TiCly + 2C0 (1) (Wote equation can also score C, Cly and TiCl, marks)

* {orTiOp + C+ 2Cl; ~» ’fﬁ@ﬁ@ + 02}

(TiCl, reacted with) Na {or Mg) (1)
under argon (1)
TiCly + 4Na ~ 4NaCl+ Ti (1) (Note dus equation also scores the Na mark)

Energy for Ti10; conversion into TiCly expensive (1) p orhave b be produced firet,
Raw materials in reduction of TiCl; expensive (or Na or Cl; expensive) (1)
Precautions to keep TiCly dry (or to prevent hydrolysis) expensive (1)

Batch process {expensive) (1)
Max 11

(In Blast Furnace) add limestone (or CaCQ0;3) (1)
CaCOy — Ca0 + CO (1} (or 2 marks jor combined equation CoCO; +8i0, ~C0, + CaSiOy)
Ca0 + Si0y — CaSi0; (1) (limesione mark can be scored in an equation)
Forms slag (1)

In BOS converter main impurities in iron are:

C{1)

P

S (1) (Note that these marks can be scored in the equeations)

S removed using Mg (1)
Mg+ § - MgS (1)

Oxygen (used to remove C, PY (1)  (dir not ailowed)

CH+0y-=CO (1) (or20+ Oy = 200)
Py+ 50, P00 (1) (or 4P + 50, — 2P0y

Limestone (or Ca0) added (1)
Oxide converted into slag (1) for equation between POy and CaQ scores borth marks)
Max 13
Iron scrap must be from other metals etc (1)
Using a magnet (or using magnetic properties) (1)
1t is then melted down (to convert into steel) (1)
And also used in BOS process (1)

Use of scrap requires less energy than extraction (1)
Because has higher iron content than ore OR scrap does not deplete native ore reserves (1)
Scrap removed from countryside (or any environmental issue e.g. mining but not greenhouse effect) (1)

Less CO; released into atmosphere (hence greenhouse effect) (compared with extraction) (1)
Max 6
30
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